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(54) Electromagnetic motor 
rotatable in either direction 



(57) An electromagnetic stepping 
motor.has a stator comprising two 
magnetic circuits with a common 
centra! limb and defining three pole 
faces ( 1 a, 1 1 c) such that the 
resultant magnetic fields (Rg, Rg) are 
oblique to each other. The rotor (4) 
comprises a bipolar permanent 
magnet. A coreless stator with two 
oblique coils is also described. Fig. 8 
" (not shown). When energising 
currents pass through the two coils (5, 
6) a resultant magnetic field (Rg-e) can 
be created in the zone of the rotor 



which extends in any one of four 
different directions dependent on the 
sense of the currents in the coils (5, 
6). By appropriate commutation of the 
sense of each of the coil currents, the 
resultant magnetic field (Rs-g) can be 
caused to rotate in 90*^ steps in one 
direction or the other, to drive the 
rotor in one or the other directional 
sense, but always in the same 
direction for a given field rotation. 
Thus, the rotor (4) rotates always in 
the desired direction, even if a 
rotational step is missed or if it makes 
one rotational step too many. 
Rectangular cores with strictly circular 
air gaps are also described. Rgs. 9, 11 
(not shown). 
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SPECIFICATION 

Electromagnetic motor rotatable in either 
direction 

1 . Field of the invention 

5 This invention relates to an electromagnetic 
stepping motor operable in either direction of 
rotation. 

2. Description of the Prior Art 

French Patent No. 2,209,251 , for example, 

1 0 illustrates such a motor comprising two coils • 
which are activated one after the other to produce 
rotation of the rotor of the motor in one directional 
sense or the other, by steps each of 1 80**. Each 
coil must be dimensioned so as to furnish, by 

1 5 itself, the energy'necessary for this rotation, that Is 
to say each coil must have the same volume as 
the coil of a conventional stepping motor which 
can rotate in only one directional sense. 

Swiss Patent Application Serial No 10.768/71 

20 illustrates a stepping motor operable In either 
direction of rotation and comprising only one coil, 
but the rotor in this case rotates by 360** at each 
step. This is a drawback from the point of view of 
the mechanical arrangement since the step-down 

25 ratio between the motor and the members it 
drives is of importance. 

US Patent No 4,1 1 2.671 illustrates a stepping 
motor operable in either direction of rotation 
which comprises only one coil and the rotor of 

30 which rotates by one 1 80** at each step. An 
electronic circuit controls the rotation In one 
directional sense or the other. This type of motor ^ 
has the serious drawback however that, if a step is 
by chance missed or if the motor makes one step 

35 too many, the direction of rotation is then 
reversed. 

Summary of the Invention 

The object of this invention is to overcome 
these drawbacks while fumishing an 

40 electromagnetic stepping motor operable in either 
direction of rotation and the rotor of which rotates 
by 1 BO*' for each step always in the desired sense, 
even after a step has been missed or after a step 
too many has been made. The motor has two coils 

45 which are simultaneously and not alternatively 
activated; consequently, these coils have a total 
volume which is substantially equal to the volume 
of the single coil of a uni-directional stepping 
motor. 

50 This object is achieved by the present invention 
by the fact that a stator of the motor is arranged in 
such manner as to subject the rotor to two 
magnetic fields respectively produced by two coils 
of the stator. The directions of these magnetic 

55 fields are oblique and substantially symmetrical 
with respect to a diameter of the rotor, or more 
generally with respect to a straight line 
intersecting the axis of rotation of the rotor. 
Preferably, the two magnetic fields are applied to 

60 the rotor by three enlarged pole faces surrounding 
the rotor, one of the said pole faces being 
common to the two coils and the other two 



respectively associated with each of the coils. 
Other features of the invention will be apparent 

65 from the following description, drawings and 
claims, the scope of the invention not being 
limited to the drawings themselves as the 
drawings are only for the pupose of illustrating 
ways in which the principles of the invention can 

70 be applied. Other embodiments of the invention 
utilising the same or equivalent principles may be 
used and structural changes may be made as 
desired by those skilled in the art without 
departing from the present invention and the 

75 purview of the appended claims. 

Brief Description of the Drawings 

Figs. 1 to 4 diagrammatically illustrate a motor 
representing a first embodiment of the invention, 
this motor being respectively shown in the four 
80 configurations of its operation; 

Rg. 5 is a diagram illustrating graphically the 
energising current pulses passing through stator 
coils of the motor of Figs. 1 to 4; 

Rg. 6 shows a supply circuit of the coils of the 
85 motor: 

Rgs. 7a and Ih respectively comprise tables 
summarizing the operation of this motor; 

Fig. 8 diagrammatically illustrates a second 
embodiment of the invention; 
90 Fig. 9 is a view from above illustrating a third 
embodiment of the invention; 

Fig. 1 0 is a sectional view, on the line X — of 
Rg. 9, of said third embodiment of the invention; 

Fig. 1 1 is a plan view of a fourth embodiment of 
95 the invention; 

Figs. 1 2 and 1 3 are vertical sectional views, 
taken respectively on the lines XII — ^Xll and 
Xlll — ^Xlll of Fig. 1 0. of the fourth embodiment; 
and 

1 00 Fig. 1 4 is a view of a detail of Figs. 8 and 1 0 
showing a modification of pole faces thereof. 

Description of the Preferred Embodiments 

The motor illustrated in Figs. 1 to 4 comprises a 
stator 1 constituted by a member made of soft 

1 05 magnetic material presenting the general 

configuration of an isosceles trapezium the base of 
which is interrupted with a gap provided by a slit 
at 2a. The two ends of this member constitute two 
pole faces one of which is designated 1 a and the 

110 other one by reference 1 b, while the portion 
opposed to the slit 2a provides a pole face 1c. 
These three pole faces are positioned, in this 
example, at an angular spacing of substantially 
1 20** with respect to each other, about a point 3 

1 1 5 constituting the center of a rotor 4 of the motor 
and define two other slits, designated lb and 2c. 
The rotor comprises a permanent magnet the 
poles of which are diametrically opposed and are 
designated N and S. The pol faces 1 a. 1 6 and 1 c 

1 20 each extend over an angular zone slightly less than 
1 20° in the example illustrated. However, the - 
angular zones occupied by each of the poles faces 
could be substantially changed'depending on the 
desired characteristics of the motor, its 

125 dimensions or the materials chosen for its 
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construction. In any case, the angular zones 
occupied by the two pole faces 1 a and 1 b are - 
substantially equal. The pole faces 1a and ^b have 
moreover such a shape that the air gap between 
5 them and the rotor 4 has a variable width. This 
gap is a minimum in the vicinity of the slit 2a and 
a maximum in the vicinity of the slits 2b and 2c, 
The pole face 1 c has a shape such that the gap 
between it and the rotor 4 is also variable, with a 
1 0 minimum at the middle ^dof the pole face 1 c and 
two maxima in the vicinity of the slits 2b and 2c, 
respectively. The stator 1 has, as can be seen in 
F\g. 1 , an axis of symmetry 7 passing through the 
middle 1 (/of the pole face 1 c, through the axis 3 
15 of the rotor 4 and through the middle of the slit 2a, 
It is to be noted that the special shape of the 
pole face 1 c results, in conjunction with the 
magnet of the rotor 4, in the formation of a 
positioning torq«e. This torque gives for the rotor 
20 4 two stable balanced positions, in the absence of 
any magnetic field other than that of the magnet 
itself, which are respectively the two positions in 
which the poles N and S of the magnet are both 
situated on the axis of symmetry 7. 
25 The stator 1 carries two coils 5 and 6 one of 
which is located between the pole faces la and 1 c 
and the other between the latter, which is thus 
common to the two coils, and the pole face 1/?. 
When the coils 5 and 6 are energised by cun^nts 
30 Ig and Ig, they subject the rotor 4 to magnetic 
fields Rg and respectively, the directions of 
which are substantially symmetrical with respect 
to a diameter of the rotor and which are mutually 
inclined, that is to say that the angle between the 
• 35 two directions is different from 0 and from 1 80*^. 
The directions of these fields are advantageously 
mutually Inclined at an angle of SO*'. The sense of 
the currents Ig and \^ determines in each case the 
sense of the corresponding fields Rg and Rg. 
40 Four different conditions can occur: 

. 1 . When, as represented in Rg. 1 , the currents 
Ig and Ig have a sense (which will be referred to 
later as the positive sense) such that, within the 
coil 5, the field is directed from the zone of the 
45 pole face 1 c towards the zone of the pole face 1 a 
(arrow 1 1 ) and that, within the coil 6, the field is 
directed from the zone of the pole face \b towards 
the zone of the pole face 1 c (arrow 1 2), these 
currents create outside the coils fields Rg and Rq 
50 which are respectively directed from the pole face 
1 a towards the pole face 1 c and from the pole 
face 1 c towards the pole face \b. The sense of 
these fields will also be referred to as positive. The 
resultant field Rg.g traverses the zone of the rotor 
55 4. at least to a first approximation, in a direction 
substantially perpendicular to the axis of 
symmetry 7 and it is directed away from th pole 
face la, which plays the role of a North pole (N), 
towards the pole face 1 b which plays the role of a 
60 South pole (S). 

2. When, as represented in Fig. 2, the current I5 
has a sense which is inverse with respect to the 
positive sense as defined hereabove, that is to say 
when it is negative, the current Iq still being 
65 positive, the fields created by these currents 



within the coils are directed respectively as 
indicated by the arrows 1 5 and 1 6. The resulting 
fields Rg and Rg outside the coils are consequently 
respectively directed from pole face 1 c towards 
70 pole face 1 a and from pole face 1c towards pole 
face 1 b. The resultant field Rg^g then passes 
through the region of the rotor 4 in a direction 
substantially parallel to the axis of symmetry 7 
and is directed from the pole face 1 c, which plays 
75 the role of a North pole (N), towards the pole faces 
1 a and 1 b which together play the role of a South 
pole (S). 

3. When, as represented in Rg. 3, the currents 
Ig and Ig are both negative, thus creating fields Rg 

80 and Rg directed as indicated by the arrows 9 and 
1 0, the resultant field is directed, 
perpendicular to the axis of symmetry 7, from the 
pole face 1Z?, which thus plays the role of a North 
pole (N), towards the pole face 1c which thus 
85 plays the role of a South pole (S). 

4. When, finally, as represented In Fig. 4, the 
current \^ is positive and the current 1^ negative, 
thus creating fields Rg and Rg directed as indicated 
by the arrows 13 and 14, the resultant field Rg^g is 

90 parallel to the axis 7 and is directed from the pole 
faces 1 a and 1 b, which together play the role of a 
North pole (N), towards the pole face 1 c which 
plays the role of a South pole (S). 

Consequently, It is seen that one can create. In 
95 the region of the rotor, a resultant magnetic field 
which can adopt any one of four different 
directions, depending on the sense of the 
energising currents passing through the coils 5 
and 6. By suitably commutating the sense of these 
1 00 two currents, this field can be rotated in either one . 
direction or the other, in order to drive the rotor in 
the corresponding sense, as will be seen later. 
It will be assumed, to start off with, that the 
rotor 4 is orientated as indicated in Fig. 1 , that is 
1 05 to say with its North pole situated in the vicinity of 
the pole face 1 c. To rotate the rotor 4 clockwise in 
the sense of the arrow 8, which will be referred to 
hereafter as the positive sense, it is sufficient to 
supply simultaneously to the two coils 5 and 6 
110 positive currents Ig and Ig by means of a suitable 
electronic control circuit. The resulting field Rg^g 
then acts on the magnet of the rotor so that its 
North pole goes closer to the pole face 1/?. The 
torque thus created rotates the rotor in the 
1 1 5 positive sense subject to the condition, obviously, 
that the torque must be greater than the total of 
the positioning torque and of the frictional torque 
exerted on the rotor by the mechanical elements 
which the motor has to drive. 
1 20 When the rotor 4 has rotated through about 
90° and occupies approximatively the position 
represented in Fig. 2, the control circuit reverses 
the sense of the current Ig, which becomes 
negative, without changing the sense of the 
125 current Ig. Consequently, the field Rs_g is then 

directed as indicated on Fig. 2, which creates a- 
fresh torque, of the same sense as that mentioned 
above. As a result the rotor continues its rotation, y 
still in the positive sense, until it occupies the 
1 30 position represented in Fig. 3, that is to say the 
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position where its South pole is located in the 
viciaity of the pole face 1 c. Thus, the rotor has 
effected a first step of 1 80° and the currents I5 
and Ig can then be interrupted. 
5 To cause the rotor 4 to effect a second step of 
ISO*', the control circuit supplies negative 
currents into both the coils 5 and 6. Consequently, 
the resultant field Rg^e has the direction 
represented in Fig. 3 and thus creates, with the 
1 0 magnet of the rotor 4, a torque which again drives 
this rotor in the positive sense. 

When the rotor has rotated for about half a 
step, the control circuit reverses the current {5 
which becomes positive and the resulting field 
1 5 Rs-^ adopts the direction represented in Fig. 4, 
Consequently, the rotor 4 continues to rotate in 
the positive sense and ends its second step on 
1 80*'. The control circuit then Interrupts the 
currents and 1^. The successive pulse forms of 
20 these currents are illustrated in Fig. 5a, 

In order to cause the rotor to rotate In the 
opposite sense, referred to herein as negative, 
from the position represented in Fig. 1, the control 
circuit supplies negative currents into both the 
25 colls 5 and 6. Consequently, the field Rs_« takes 
the sense It has in Hg. 3 and the rotor makes a 
first half-step of 90° In the negative sense. At this 
moment, the rotor is in the position represented in 
Rg. 4 and the control circuit reverses the sense of 
30 the current 1^, which thus becomes positive. The 
field Rj.^ Is then directed as illustrated In Rg. 2. 
Consequently, the rotor continues its rotation in 
the negative sense until It has finished Its second 
half-step and occupies the position illustrated In 
35 Fig. 3. The control circuit then interrupts the two 
currents I5 and Iq. 

In order to cause the rotor to make a fresh 
rotation of one step In the negative sense, the 
control circuit supplies both the coils 5 and 6 with 
40 positive currents I5 and 1^. Consequently, the field 
Rj^ takes the direction it has in Fig. 1 and the 
rotor rotates on half a step in the negative sense. 
The control circuit then reverses the sense of the 
current 1^, which becomes negative, and the field 
45 R5_45 takes the direction it has in Rg. 4. 

Consequently, the rotor terminates its step and is 
again in its starting position. Then the control 
circuit interrupts currents I5 and Ig. 

Fig. 5Z? illustrates the successive pulse forms of 
50 these currents. 

Rg. 6 Illustrates one example of a practical 
circuit enabling the coils 5 and 6 of the motor to 
be supplied with the pulses of energising current 
represented in Fig. 5. 
55 In this example, these pulses have a period of 
one second and a duration of 7,8 ms. 

Coils 5 and 6 are each connected to the 
outputs of two inverters I, and Ij. and I3 and I4 
respectively, each constituted by two 
60 complementary MOS transistors. When the inputs 
of these inverters are at the same logic state, no 
current circulates in the coils 5 and 6. When the 
input of the inverter I, (or I3) is at the logic state 0, 
while the input of the inverter \^ox I J is at the 
65 logic state 1, a current circulates in the coil 5 (or 



6) in the sense indicated by the arrows f. 

When the states of the inputs of the inverters I, 
and I2, I3 and I4 respectively, are interverted. a 
current circulates in the corresponding coil in the 

70 reverse sense to that indicated by the arrow f. 
A logic circuit C receives from a time base, 
constituted by an oscillator A and frequencies 
divider B, two signals having respectively a 
frequency of 1 Hz and 1 28 Hz. It uses these two 

75 signals, as well as a signal S controlling the sense 
of rotation of the rotor, to furnish at each second 
to the inverters I, to I4, which are connected to the 
outputs C, to C4, the necessary logic states so that 
the desired currents circulate In the coils 5 and 6. 

80 The logic circuit C will not be described in more 
detail, since it can readily be designed without 
further description by a man skilled in the art in 
the exercise of a normal design function. It needs 
merely be noted that the signal at 1 Hz the circuit 

85 receives determines the period of the pulses of 
current which circulate in the coils, and that the 
signal at 1 28 Hz determines their duration. As a 
matter of fact, the period of this last signal is equal 
to 7,8 ms. 

90 The table la summarizes the complete 

operation of the motor, in this table, the positive 
currents are designated by the sign + and the 
negative currents by the sign — . The column 
entitled Rg^^ gives, for each combination of 
95 currents I5 and Ig, the sense of the field they create 
in the rotor 4, such as are Indicated In Figs. 1 to 4. 
The two columns "Rotor start" and "Rotor arrival" 
also indicate, by means of arrows, the position of 
start and of arrival of the rotor 4. These arrows are 

1 00 directed from the South pole towards the North 
pole of the magnet of the rotor 4. 

The present motor has the important advantage 
of always rotating In the desired sense, even If a 
step has been missed, or if the rotor has made one 

1 05 step too many. The table of Fig. lb illustrates a 
case where, for any reason, the rotor 4 Is in the 
position opposite to that in which it should have 
been at the moment corresponding to the first line 
of the table. When the control circuit sends the 

110 two currents I5 and Ig in the positive sense, the 
rotor 4 makes half a step in the negative sense. 
When the sense of the current 5 is reversed, it 
makes half a step in the positive sense and is 
again in its starting position which Is precisely that 

115. in which it must be at this moment of the cycle. 
From this point on. It rotates In the desired sense. 
It can easily be seen that the rotor resumes, in all 
cases, the desired sense of rotation In a similar 
way, whatever this sense of rotation may be and 

120 whatever may be the moment of the cycle at 

which occurs the incident which brings this rotor 
again into an erroneous position. 

it is obvious that, before being revers d at the 
end of a first half-step, each of the currents I5 and 

125 le could be interrupted for a time, the inertia of the 
rotor 4 then resulting in the rotor finishing this 
half-step and even starting the second half-step. 
SimilaHy, the currents Ig and 1^ could be 
interrupted before the rotor 4 has effectively 

1 30 ended its full step. The positioning torque and the 



\ 
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inertia of the rotor would then cause the rotor 4 to 
end its step. Similarly, the coils 5 and 6 could be 
short-circuited by the control circuit between the 
rotation steps in order to increase the positioning 
5 torque acting on the rotor and to damping 

oscillation of the rotor about its balanced position 
at the end of the steps. The manner of 
employment of these measures, which results in 
an appreciable saving of energy, mainly depends 

10 upon the construction of the motor and upon the 
load it has to drive and has to be decided upon at 
the time of development of the whole 
arrangement with which the motor is associated. 
It is still to be mentioned that due to the fact 

1 5 that the two coils 5 and 6 are always fed 

simultaneously and hence jointly contribute to the 
formation of the magnetic field creating the torque 
applied to the rotor, the volume of the coils can be 
substantially reduced as compared with that of the 

20 prior coils which are alternatively fed; in other 

words, for a given total volume, the torque applied 
to the rotor can be substantially increased- 

The modification of Fig. 8 distinguishes from 
the first embodiment by the fact that the two coils, 

25 designated 1 7 and 1 8, are constituted by two 
loop-like coils without an armature, inside which 
passes the rotor 1 9 rotating around an axis 20. 
This axis is situated in the bissecting plane 2 1 of 
the median planes 1 7a and 1 8a of the two coils 

30 1 7 and 1 8, respectively. A positioning element 22, 
made of magnetically soft material, orientates the 
rotor in such a way that, in the balanced position 
of the rotor, its North and South poles lie in the 
plane 21. 

35 So far as the principle of operation of this 
modification is concerned, it is absolutely the 
same as that of the first embodiment. 

According to the third embodiment illustrated 
in Figs. 9 and 10, the motor comprises a stator the 

40 armature of which is formed of two elements 
made of magnetically soft material. One of these 
elements, designated 23, has the shape of a letter 
E the three branches of which are designated 23a, 
23b and 23c, respectively. The other element, 

45 designated 24, has substantially the shape of a 
rectilinear bar presenting three transverse 
protrusions two of which, designated 24a and 
24/7, are situated at its ends, and the third of 
which, designated 24c. is situated at its middle 

50 portion. These two elements. 23 and 24, of the 
armature of the stator are disposed one with 
respect to the other in the relative positions, 
represented in the drawings, that is to say that 
they are positioned opposite to each other. The 

55 branches 23a, 23b and 23c of the E-shaped 
element 23 are applied against the protrusions 
24a, 24i!7 and 24c. respectiv ly, of the element 24 
of the said stator. This assembly is maintained by 
two screws 25 one of which passes through the 

SO branch 23a and is threaded into the protrusion 
24a, and the second of which passes through the 
branch 236 and is threaded into the protrusion 
2Ab, 

A circular hole 26 is provided in the E-shaped 
65 element 23, in the region of the root of the median 



branch 23c. This hole thus provides three reduced 
portions 23d, 23e and 23/. each having the shape 
of an isthmus interconnecting to each other an 
adjacent two of three pole faces. The first pole 
70 face is constituted by the branch 23c. The two 
other pole faces are constituted by the portions of 
the body itself of the element 23 situated between 
the thinner portion 23d and 23e and 23/ 
respectively. 

75 The rotor of the motor comprises a shaft 27 
pivotally mounted between two elements 28 and 
29 of the frame of the apparatus, which may or 
may not be of a horoligical nature, equipped with 
the present motor. This shaft carries a permanent 

80 magnet 30 which is bipolar and the diametrically 
opposed poles of which have been indicated by N 
and S in Fig. 9. 

the stator of the motor as described and 
illustrated comprises two coaxial coils 31 arid 32 

85 which are wound on the two rectilinear portions 
24</of the element 24 of the armature. One coil 
3 1 is situated between the protrusion 24a and the 
protrusion 24c of the element 24 and the other 
coil 32 is situated between the protrusion 24^ and 

90 the protrusion 24c thereof. The magnetic fields 
produced by these coils in the armature have be n 
represented diagrammatically in Fig. 9 where they 
are designated Rg and R,o* 

When they pass through the rotor 30. these 

95 two magnetic fields Rg and R^o are oblique with 
respect to each other and symmetrical with 
respect to the diameter of the rotor lying in the 
plane of the section X — X. The directions of these 
fields advantageously make an angle of 90** with 
1 00 respect to each other. 

Depending upon the sense of the current which 
passes through the coils 3 1 and 32. the two fields 
Rg and R^o could be divergent, as indicated by the 
arrows of Rg. 9. in which case the resultant field. 
1 05 which is diametrical, will coincide with the plane 
of the section X — X and will be directed towards 
the top of Rg. 9. They could also be convergent, in 
which case the resultant field, which is again 
diametrical, will also coincide with the plane of the 
1 1 0 section X — X, but will now be directed towards 

the bottom of Rg. 9. They could also be directed in 
the opposite senses in which case the resulting 
torque will be diametical, but perpendicular to the 
plane of section X— X in either one sense or the 

115 other. 

Hence, by suitably commutating the sense or 
the two currents passing through the two coils 3 1 
and 32, one can selectively cause the resultant 
field to rotate in one directional sense or the other . 

1 20 whereby to drive the rotor in the same sense. 

More generally, the operation of this third form of 
construction of a motor in accordance with the 
invention is identical to that of the first form of 
construction described herein. . 

125 It is to be noted that the fact the magnet 30js 
bipolar while the armature of the stator has three 
pole faces determines a balance position of the 
rotor which is situated opposite the PO*^face 
situated between the isthmus 23</and 23f. 

1 30 to say the pole face through which the magneti . . 
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flux of the magnet 30 of the rotor follows the path 
having a minimum reluctance. 

In the case of the motor of Figs. 9 and 10,. the 
two elements 23 and 24 of the armature are 
5 applied one against each other, these elements 
being placed in different planes as shown more 
particularly in Fig. 1 0. This arrangement is 
different in the case of the modification of Figs. 1 1 
to 1 3 where the two elements of the armature of 

10 the stator, now designated respectively 33. and 
34, are situated in the same plane. Member 33, 
which h'aFthe shape of an E^^is provided with three 
branches 33a, 336 and 33c while element 34, 
which is rectilinear. Is provided with three 

1 5 protrusions 34a, 34b and 34c. The ends of the 
branches 33a and 33b are notched at 35, at half- 
thickness, while the protrusions 34a and 34b are 
notched at 36, also at half-thickness. The notched 
portions are applied against each other and are 

20 traversed by securing screws, designated 37. as 
shown in Fig. 11. 

So far as the median branch and protrusion of 
the two elements 33 and 34 of the armature are 
concerned, they are not notched at half-thickness 

25 but the protrusion 34c is provided with a semi- 
circular notch 38 in which engages a protrusion of 
corresponding shape 33iyof the median branch 
33c of element 33 of the armature (Figs. 1 1 to 
13). 

30 The coils of this modification have not been 
shown but they are identical with the coils 3 1 and 
32 of the embodiment of Figs. 9 and 10 and serve 
to drive the rotor 30 the same way as has been 
described in connection with the first form of 

35 construction. 

Rnally, in Fig. 14 there is represented a 
modification of the armatures of the motors of \ 
Figs. 9 and 1 1 . According to this modification, 
notches 41 , 42 and 43 are provided in the \ 

40 armature element 23 (or 33) In the thinner ] 
portions 23cy to 23/" thereof. The notches 42 and \ 
43 open into the circular hole 26. These notches j 
serve on the one hand for the positioning of the 
rotor and on the other hand f or the magnetic 

45 separation of the pole faces. 



CLAIMS 

1 . An electromagnetic motor operable in either 
direction of rotation and comprising: 

— a rotor constituted by a permanent magnet 
50 mounted for rotation about an axis and producing 

a permanent magnetic field; 

— a stator comprising at least two electrical 
coils; 

— means for independently applying in 

55 synchronism to each coil electrical pulses and for 
controlling the polarity thereof, so that the coils 
respectively produce two magnetic fields, said 
stator subjecting the rotor to the two magnetic 
fields in two different directions, which directions 

60 are substantially symmetrical with respect to a 
straight line intersecting said axis. 



2. A motor according to claim 1 , wherein the 
two coils have the shape of loops inside which the 
rotor is arranged, the two coils not being parallel, 

65 and said axis of rotation of the rotor lies in the 
bissector plane of a dihedral constituted by the 
planes of the two coils. 

3. A motor according to claim 1 , wherein the 
two coils of the stator are arranged in such a way 

70 that they create two magnetic fields, means being 
provided for submitting the rotor to these two 
magnetic fields along two directions which are 
symmetrical with respect to a straight line 
/ intersecting said axis and which are not aligned. 

75 4. A motor according to claim 1, wherein said 
two directions are mutually inclined at an angle of 
the order of 90°. 

5, A motor according to claim 3, wherein said 
means for subjecting the rotor to the two 

80 magnetic fields comp.nse an armature including 
first, second and third pole faces arranged around 
the rotor, means for providing a first magnetic 
path connecting the first pole face to the second 
pole face and on which is mounted one of said 

85 two coils, and means for prevising a second 

magnetic path connecting the first pole face to the 
third pole face and on which is mounted the other 
of said two coils. 

6. A motor according to claim 5, wherein said 
90 armature further comprises an opening in which 

the rotor is located and three thinner portions 
connecting said pole faces, with the pole faces 
and the thinner portions completely surrounding 
the opening. 

95 7. A motor according to claim 5 or 6, wherein 
the arrangement constituted by the three pole 
faces is substantially symmetricai with respect to 
a straight line intersecting said axis of rotation and 
passing through said first pole face. 

1 00 8. A motor according to claim 7, wherein said 
first pole face comprises a central portion which is 
close to the rotor so as to determine a balanced 
position of the rotor in which said permanent 
magnetic field is substantially directed along said 

1 05 line with respect to which said two magnetic fields 
are symmetrical. 

S. A motor according to claim 3, wherein said 
means for subjecting the rotor to said magnetic 
fields comprise an armature constituted by two 

1 10 elements one of which is E-shaped and the other 
of which is substantially rectilinear and 
interconnects the three branches of the "E", the 
two coils being coaxial and respectively mounted 
on two portions of said rectilinear element of the 

1 1 5 stator armature, which portions are respectively 
situated between corresponding ones of the 
extreme branches of the E-shaped element and 
the median branch of this element. 

1 0. A motor according to claim 9, wherein said 

1 20 E-shaped element has an opening, in which the 
rotor is located, adjacent the root of the median 
branch of that element. 

1 1. A motor according to claim 10, wherein 
said opening is of circular shape. 
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1 2. An electromagnetic motor operable in herein particularly described with reference to 

either direction of rotation and constructed, 5 Figs. 1 to 7, Fig. 8. Figs, 9 and 10, or Figs. 1 1 to 

arranged and adapted to operate substantially as 13, of the acconnpanying drawings. 
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